Background and aims: The aims of our study were to elucidate the relationship between baseline characteristics of hepatocellular carcinoma (HCC) patients complicating with liver cirrhosis (LC) and performance status (PS) and to investigate the impact of PS on survival in patients with HCC complicating with LC. Methods: In a total of 1003 patients diagnosed with HCC complicating with LC, we divided into two groups of PS >1 (n=251) and PS 0 (n=752) as evaluated by using the Eastern Cooperative Oncology Group criteria at the time of HCC diagnosis. Baseline characteristics between these two groups were compared. We also performed univariate and multivariate analyses of factors contributing to overall survival (OS). Results: The median follow-up period was 1.6 years in the PS >1 group and 3.1 years in the PS 0 group. The 1-, 3-and 5-year OS rates after each initial therapy for HCC were 90.3%, 67.4% and 49.8%, respectively, in the PS 0 group and 73.4%, 42.0% and 17.7%, respectively, in the PS >1 group (P<0.001). A worse PS was significantly associated with age, gender, Child-Pugh classification, HCC stage, Japan Integrated Staging score, initial treatment option for HCC, maximum tumor size, alanine aminotransferase value, hypoalbuminemia, hyperbilirubinemia, renal insufficiency, hyponatremia, prothrombin time prolongation, platelet count and tumor marker level. In multivariate analyses, poorer PS was an independent predictor linked to OS with a hazard ratio of 1.773 (P<0.001). Conclusions: PS was closely associated with status of HCC patients with LC and could be an important predictor for these populations.
Introduction
Hepatocellular carcinoma (HCC) is the most common carcinoma worldwide. [1, 2] Treatment options for HCC vary depending on the liver function and HCC stage, and these include liver transplantation, surgical resection (SR), percutaneous ablative therapies (PATs), transcatheter arterial chemotherapy with or without embolization, systemic chemotherapy with molecular-targeted therapy (MTT) such as sorafenib and radiation therapy (RT). [3] [4] [5] HCC also carries a high risk of recurrence even when curative Ivyspring International Publisher therapy was achieved at the initial therapy, with any underlying liver disease and tumor characteristics important predictors affecting the risk of HCC recurrence or survival. [1, 3, 4] The performance status (PS) scale measures how the daily living ability is affected by the underlying disease. The PS scale recommended by the Eastern Cooperative Oncology Group (ECOG) is widely used by clinicians to assess the functional status in patients with various cancers. [6] It also serves as an indicator of cancer therapy and predictor of patient survival. The PS scale is a major survival determinant in patients with HCC and is specifically included in the Barcelona Clinic Liver Cancer (BCLC) staging system as an essential parameter for treatment guidance for HCC. [7, 8] The most commonly identified complications in patients with liver cirrhosis (LC) include ascites, hepatic encephalopathy, esophageal varices, kidney dysfunction, susceptibility for infections such as spontaneous bacterial peritonitis, and development of HCC. Furthermore, severe muscle wasting or sarcopenia is one of the most common and frequently hidden complications in patients with LC, which negatively effect on survival and quality of life. All of these complications may potentially lead to deterioration of PS. [9, 10] However, to our knowledge, there are few studies specifically evaluated the role of PS in patients with HCC complicating with LC. [11] [12] [13] [14] These studies have been reported from Asian country only. Clinical factors linked to PS in patients with HCC complicating with LC have not been fully determined and also the prognostic significance of the PS has not been systematically assessed in these populations. The objectives of the present study were thus to elucidate the relationship between characteristics of HCC patients complicating with LC and PS and to investigate the impact of PS on survival in patients with HCC complicating with LC.
Patients and methods

Patients
A total of 1003 consecutive treatment-naïve patients diagnosed with HCC complicating with LC were admitted to the Department of Gastroenterology and Hepatology, Osaka Red Cross Hospital, Japan, between April 2005 and June 2014. LC was determined based on radiologic findings including typical computed tomography (CT) or ultrasound findings, laboratory parameters such as platelet count (less than 10 ×10 4 /mm 3 ) and/or histological findings obtained by surgical specimens or liver biopsy. We divided these patients into two groups of PS >1 (n=251) and PS 0 (n=752). PS was evaluated by using the ECOG performance scale ranging from 0 (asymptomatic) to 4 (confined to bed). We compared the overall survival (OS) rate between the PS >1 group and the PS 0 group. Prior to therapy for HCC, written informed consent for HCC therapy was obtained from all subjects. The ethics committee of our department approved the protocol for this study. The present study comprised a retrospective analysis of patients' medical records in our database and all treatments were performed in an open-label manner.
Diagnosis of HCC and HCC therapy
HCC was diagnosed based on the results from abdominal ultrasound and dynamic CT scan (hyperattenuation during the arterial phase in the entire or part of the tumor, and hypoattenuation in the portal-venous phase) and/or magnetic resonance imaging mainly as recommended by the American Association for the Study of Liver Diseases. [7] Arterial and portal phase dynamic CT images were obtained approximately 30 seconds and 120 seconds after injection of contrast material. In our hospital, abdominal angiography combined with CT (angio-CT) was routinely performed before therapy for HCC after obtaining informed consent from them for performing abdominal angiography. This was performed based on the fact that this technique was useful for detecting small satellite nodules as reported by Yamasaki et al. [15] Then, we confirmed HCC using CT during hepatic arteriography (CTHA) and CT during arterial-portography (CTAP). HCC stage was determined by TNM staging system by the Liver Cancer Study Group of Japan. [16] As for HCC therapy, the most appropriate treatment modality such as SR, PATs, transcatheter arterial therapy, MTT or RT for each patient was selected through discussion with surgeons, hepatologists and radiologists considering tumor status and liver function. [17, 18] Best supportive care was provided when treatment efficacy was considered limited or patients refused therapy for HCC. In the present analysis, there was no patient treated with liver transplantation.
Follow-up after initial therapy for HCC
Follow-up observation consisted of regularly blood tests and monitoring of tumor markers, including alpha-fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP), which was measured using a chemiluminescent enzyme immunoassay (Lumipulse PIVKAII Eisai, Eisai, Tokyo, Japan). Dynamic CT scan was performed every 3-4 months after initial therapy for HCC. When HCC recurrence or disease progression was detected based on radiologic findings, most appropriate therapy was performed in each patient.
[18]
Statistical analysis
The primary end point is OS. Continuous variables were compared by unpaired t test, and categorical variables were compared by Fisher's exact test. Data were analyzed using univariate and multivariate analyses. To analyze the significance of prognostic predictors, continuous variables were divided by the median values (or close to them) and treated as dichotomous covariates. The cumulative OS rate was calculated by Kaplan-Meier method and tested by log-rank test. A Cox proportional hazard model was used for multivariate analyses of factors with P value <0.01 in univariate analyses. These statistical methods were used to estimate the interval from each date of diagnosis for HCC until the date of death or last follow up date. Data were analyzed using SPSS software (SPSS Inc., Chicago, IL, USA) for Microsoft Windows. Data are expressed as mean ± standard deviation. A P value less than 0.05 were considered to be statistically significant.
Stratification by Japan Integrated Staging score and propensity score analysis
To compare the OS between patients with PS >1 and patients with PS 0, in three subgroups stratified by Japan Integrated Staging (JIS) score (group of JIS score of 0 or 1, group of JIS score of 2 or 3, and group of JIS score of 4 or 5), a propensity score model was used with an attempt to reduce potential biases in survival analysis. [19, 20] JIS score was calculated by summation of TNM stage score (stage I=0, stage II=1, stage III=2 and stage IV=3) and Child-Pugh classification (A=0, B=1 and C=2) as reported by Kudo, et al. [21] Possible variables associated with long-term survival of HCC patients, including age, sex, HCC stage, maximum tumor size, tumor number, cause of liver disease and Child-Pugh classification were included comprehensively for propensity score generation. With these selected variables, a logistic regression was applied to generate a continuous propensity score from 0 to 1. One-to-one matches between the PS >1 group and the PS 0 group patients were introduced into the subsequent analysis.
Results
Patient demographic characteristics between patients with PS 0 and PS >1
Baseline demographic characteristics of patients in PS 0 (n=752) and PS >1 (n=251: n=125 in PS 1, n=87 in PS 2, n=26 in PS 3 and n=13 in PS 4) are shown in Table I . A worse PS was significantly associated with age (P<0.001), gender (P=0.001), Child-Pugh classification (P<0.001), HCC stage (P<0.001), JIS score (P<0.001), initial treatment option for HCC (P<0.001), maximum tumor size (P<0.001), alanine aminotransferase (ALT) value (P<0.001), hypoalbuminemia (P<0.001), hyperbilirubinemia (P=0.038), renal insufficiency (P=0.005), hyponatremia (P<0.001), prothrombin time prolongation (P=0.029), platelet count (P=0.002), AFP value (P=0.016) and DCP value (P=0.012). In terms of proportion of patients with poor PS (PS >1), significant differences between HCC stage I (48/254, 18.9%) and IV (53/109, 48.6%) (P<0.001), II (86/399, 21.6%) and IV (P<0.001) and III (64/241, 26.6%) and IV (P<0.001) were found. (Fig. 1 As an initial therapy for HCC, in the PS >1 group, SR was performed in 32 patients, PATs in 111, trancatheter arterial chemotherapy with or without embolization in 82, MTT in 2 and no specific therapy in 24, whereas in the PS 0 group, SR was performed in 145 patients, PATs in 422, trancatheter arterial chemotherapy with or without embolization in 163, MTT in two, RT in one and no specific therapy in 19 (P<0.001).
The median follow-up period was 1.6 years (range, 0.1-8.4 years) in the PS >1 group and 3.1 years (range, 0.1-9.6 years) in the PS 0 group. One hundred and fifty-three patients (61.0%) in the PS >1 group died during the follow-up period. The causes of death were HCC progression (80 patients), liver failure (46 patients) and miscellaneous (27 patients). Three hundred and fifty-seven patients (47.5%) in the control group died during the follow-up period. The causes of death were HCC progression (190 patients), liver failure (136 patients) and miscellaneous (31 patients). The 1-, 3-and 5-year OS rates after each initial therapy for HCC were 90.3%, 67.4% and 49.8%, respectively, in the PS 0 group and 73.4%, 42.0% and 17.7%, respectively, in the PS >1 group (P<0.001). (Fig. 4)   Fig. 4 . Cumulative overall survival (OS) rates in patients with PS >1 (n=251) and PS 0 (n=752). The 1-, 3-and 5-year OS rates after each initial therapy for HCC were 90.3%, 67.4% and 49.8%, respectively, in the PS 0 group and 73.4%, 42.0% and 17.7%, respectively, in the PS >1 group (P<0.001). 
Univariate and multivariate analysis of factors contributing to OS
Using univariate analyses of factors contributing to OS, HCC stage (P<0.001), tumor number (P<0.001), maximum tumor size >2.5 cm (P<0.001), Child-Pugh classification (P<0.001), PS (P<0.001), AST >57 IU/L (P<0.001), alkaline phosphatase (ALP) >346 IU/L (P<0.001), gamma glutamyl transpeptidase (GGT) >64 IU/L (P<0.001), serum sodium >140 mmol/L (P<0.001), serum creatinine >0.8 mg/dL (P=0.036), AFP >30 ng/mL (P<0.001) and DCP >54 mAU/mL (P<0.001) were found to be significant factors (Table  II) . The multivariate analyses involving eleven factors with P<0.01 in the univariate analysis showed that tumor number (P=0.020), Child-Pugh classification (P<0.001), HCC stage (P<0.001), PS (P<0.001), AST >57 IU/L (P<0.001), ALP >346 IU/L (P<0.001), and DCP >54 mAU/mL (P<0.001) were significant independent predictors linked to OS. The hazard ratios (HRs), 95% confidence interval and P value for these factors are detailed in Table II . Table III . In terms of baseline characteristics, no significant difference was observed between patients with PS >1 and PS 0 in each subgroup.
Propensity score matching analyses in three subgroups stratified by JIS score
In patients with JIS 0 or 1, in terms of OS, the difference reached significance before (P<0.001) and after (P<0.001) propensity score matching. (Fig. 5A and 6A) In patients with JIS 2 or 3, in terms of OS, significant difference was found in terms of OS before propensity score matching (P=0.008), whereas after propensity score matching, such significance was diminished (P=0.254). (Fig. 5B and 6B) On the other hand, in patients with JIS 4 or 5, in terms of OS, the difference did not reach significance before (P=0.175) and after (P=0.165) propensity score matching. (Fig.  5C and 6C) 
Comparison of OS in the two groups according to treatment modality
We also performed subgroup analyses according to treatment modality. In patients treated with SR (n=145 in PS 0 and n=32 in PS >1), the difference in the two groups did not reach significance (P=0.334) (Fig.  7A) , whereas in patients treated with PATs (n=422 in PS 0 and n=111 in PS >1) and those treated with trancatheter arterial therapies (n=163 in PS 0 and n=82 in PS >1), there were significant differences in the two groups (P<0.001 for both). (Fig. 7B and 7C ) 
Comparison of OS in patients with PS 0, PS 1 and PS >2
In patients with PS >1 (n=251), we divided them into two groups of patients with PS 1 (n=125) and those with PS >2 (n=126). In the two groups, a worse PS was significantly associated with Child-Pugh classification (P=0.015), hypoalbuminemia (P=0.001), hyponatremia (P=0.022) (data not shown). In terms of OS, the difference in the three groups of PS 0, PS 1 and PS >2 reached significance (P<0.001). (Fig. 8 ) Table III . Baseline characteristics between the performance status (PS) >1 group and the PS 0 group in each subgroup stratified by Japan Integrated Staging (JIS) scoring system after propensity score matching. 
Discussion
Previous studies have shown that the PS scale is a major survival determinant in patients with HCC. [6, 12, 17, 18] In fact, in our multivariate analyses, PS >1was demonstrated to be independent predictor linked to OS with a HR of 1.773 (P<0.001). Furthermore, in our three groups of PS 0, PS 1 and PS >2, significant difference was observed in terms of OS. However, there have been few studies focusing on PS in HCC patients complicating with LC. [11] [12] [13] [14] The proportion of elderly patients with HCC who have potentially poorer PS are increasing in Japan. [2] Thus, it seems to be of importance to investigate clinical characteristics and outcomes in HCC patients in terms of PS and there is urgent need for clarifying these issues. Hence, we conducted current analyses. Since survival impact between patients with PS >1 and PS 0 could be confounded by significantly different baseline characteristics as shown in our results, we further analysed using propensity score matching method to reduce these selection biases.
In our analyses, subjects with PS >1 had significantly higher Child-Pugh score, higher total bilirubin level and lower serum albumin level as compared with those with PS 0. Furthermore, we found that patients with deteriorated PS had lower serum sodium level and higher creatinine level. These two findings are likely the result of portal hypertension and peripheral vasodilatation in patients with advanced LC. [22] These findings highlight that PS may comprehensively reflect a variety of complications of LC in patients with HCC. On the other hand, subjects with poorer PS had larger tumor burden or more advanced HCC stage in this study. Cachexia resulted from worsened portal hypertension with ascites and larger tumor status with extrahepatic metastases could all or in part contribute to a poorer PS. [23] In our three subgroups stratified by JIS score after propensity score matching, significant differences between patients with PS >1 and PS 0 were observed only in patients with JIS 0 or 1 in terms of OS. Patients with JIS score of 2 or more may have poor functional poor reserve or advanced tumor status, which is considered to mainly effect on survival for these populations irrespective of PS scale. While, in patients with well-preserved liver function and/or early stage HCC such as in patients with JIS score of 0 or 1, PS could be an important predictor for their survival.
The optimal therapy for HCC with PS ≥1 remains highly debatable. According to the current EASL guidelines, HCC patients with PS ≥1 are classified as BCLC stage C or D and are not candidates for SR. [5] However, in this study, 32 out of 251 patients with PS >1 (12.7%) were treated with SR. The difference of treatment algorithm for HCC between European countries and Asian countries may be attributed to these results. [5, 17, 18] A recent report from Asia demonstrated that in their propensity score model, HCC patients with PS 1 or 2 undergoing aggressive HCC therapies such as SR (n=166) had significantly better long-term survival as compared with those receiving targeted therapy or chemotherapy or best supportive care (n=166) (P<0.0001). [14] In addition, in our subjects treated with SR, patients with PS >1 had comparable prognosis as compared with those with PS 0 (P=0.334). Further prospective studies will be needed to confirm these results.
Our study included several limitations. Firstly, inter-observer bias for assessing PS could exist although the PS scale was determined at the time of HCC diagnosis. Secondly, HCC patients with PS ≥1 were highly heterogenous and comprised HCC patients from mildly symptomatic to completely bedridden status. Thirdly, there are several missing values in this study. However, the number of subjects with missing values was very small considering large sample of our study, which may not effect on interpretation of our results. Lastly, it should be noted that the sample size in three subgroups of JIS score after propensity score matching was small for analyses. Hence, caution should be exercised for interpretation of our results. However, our study results imply that PS has a differential prognostic impact and well correlated with baseline profiles in HCC patients complicating with LC.
In conclusion, PS was closely associated with status of HCC patients with LC and could be an important predictor for these populations.
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